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TP N°3-
CHARGING AND DISCHARGING OF A CAPACITOR

1. Objectives:
The primary objectives of this practical work (TP) are as follows:

e To study the charging and discharging of a capacitor over time through a resistor.

e To experimentally determine the time constant of a capacitor.

e To experimentally determine the equivalent capacitance of a capacitor arrangement in both series and
parallel configurations.

2. Theoretical reminder : R
. . 1 K —
2.1. Charging of a Capacitor ° /' Ve
2

Consider the generator E with negligible

internal resistance connected in series with a two- -—=C
.. . E Ll
position switch. The components R and C _-‘-

represent a resistor and a capacitor with
capacitance C, respectively. The configuration is
illustrated in Figure 1.

Figure.1

By placing the switch in position 1, the circuit is
powered by the direct voltage source E, and the capacitor begins to charge through the resistor R.

Applying Kirchhoff's law to the RC circuit allows us to write the following differential equation:
ZUi:0:>Ri+ljidt:E avec: i:@ et dq=CdV,
i c dt

d'ou Rﬁvti:E
dt

C
0na:C=ﬂ:@xi:ﬁzcdec
dv. dt dV, dt dt
Alors on obtient : RCdVC +VC=E:>dVC + Ve - E
dt dt RC RC

If we take the initial conditions as qo=0 and Vc=0 (meaning the charge qo at time t=0), the solution will be:
g(t) = CE(1—¢ /%)
V.(@t)=E(1- ef% ) , Where © = RC, which is referred to as the time constant of the circuit.
E

0= e

2.2. Discharging of a Capacitor

With the capacitor charged, we will disconnect the voltage source E by moving the switch to position 2.
Consequently, the capacitor discharges through the resistor R, generating a current of intensity I, flowing in
the opposite direction to the charging current, which was considered as the positive direction.



University of Batna 2 Common Base- ST Module: TP of Physics 1
Year 2025-2026

Applying Kirchhoff's law, we obtain:

4q A avec l_:d_q et q=CV,
dt C t
d—q=—£:>1nq=—L+C‘”
q RC RC
q:e_RtiC

If we take as initial condition qo=q and Vc=E (C begins to discharge at t=0).

t

g=e " xe® =Kxe ¢ = CxV.=Kxe * at=0 CxE=K
Therefore, we will have:
_t _t E _:
V.(t) = Ee %, q(t)=CxEe 7 et i(t)z—Ee %
3. Manipulation :

R
3.1.Charging a Capacitor S N /I.<—|:

R=100KQ and a capacitor with capacitance C=68uF. Start E sickem
timer simultaneously when placing the switch in position 1,
powering the circuit with a continuous voltage source E=5V.

Assemble the circuit shown in Figure 2 with a resistor 2
L)

The capacitor charges over time. Record the voltage V¢ Figure.2
across the capacitor every 5 seconds up to 60 seconds and
complete the following table:

t(s) 05 | 10 15 20 25 30 35 40 45 | 50 | 55 | 60

Ve (volt)

- Plot the voltage Vc=f{(t).

- Draw the tangent at the load point O and graphically determine the time constant 7., (the abscissa of the
point of intersection of the tangent with the load limit voltage).
- Compare this value with that calculated theoretically z,s=RC.

3.2. Discharge of a capacitor

Assemble the circuit shown in Figure 2 for a resistor R=100K€ and a capacitor with a capacitance of
C=68pF. Set the switch to position 2.

We begin timing with a stopwatch simultaneously when the switch is set to position 2. The capacitor
discharges over time.

Record the voltage Vc across the capacitor terminals every 5 seconds up to 60 seconds and complete the
following table:

t(s) 0| 5 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60

Ve (volt)

- Plot the voltage Vc=f{(t).
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- Draw the tangent at the discharge point A and graphically determine the time constant 7., (the abscissa
of the point of intersection of the tangent with the discharge limit voltage).

- Compare this value with that calculated theoretically z,s=RC.

3.3. Association of capacitors in parallel

Set up the circuit as shown in figure. 3 for a resistor R=100K€2
and two capacitors connected in parallel with capacitances

& o0

C1=68pF and C2=47pF. Start the timer simultaneously with the E -_l:-_
application of a continuous voltage source E=5V to the circuit.
Both capacitors will charge over time.
Measure the voltage Vc across the capacitor terminals up to Figure.3
120 seconds and complete the following table:
t(s) 05 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 90 | 100|110 120

Ve(volt)

- Plot the voltage Vc=f(t).

- Draw the tangent at the charging point O and determine graphically the time constant z., (the abscissa

of the intersection point of the tangent with the charging limit voltage).

- Based on the experimental value of the time constant z.,,, deduce the value of Ceq.

- Compare this value with the theoretically calculated value Cey=C;+C>.

3.4. Association of capacitors in series

Assemble the circuit shown in Figure 4 using a resistor
R=100KQ and two capacitors connected in series with
capacities C1=68uF and C:=47pF. Start the timer
simultaneously when powering the circuit with a constant
voltage source E=5V. The two capacitors charge over time.

- Measure the voltage V¢ across the capacitors every 5
seconds up to 60 seconds and complete the following table:

1

LI
Ci

I
N
=

@

Figure.4

t(s) |os| 10 | 15 | 20 | 25 | 30 | 35

40

45 | 50 | 55

60

Ve (volt)

- Plot the voltage Vc=f(t).

- Draw the tangent at the charging point O and determine graphically the time constant z., (the abscissa
of the point where the tangent intersects with the charging voltage limit).
- Dr’apres la valeur expérimentale de la constante du temps, déduire la valeur de.

- Based on the experimental value of the time constant z.,, deduce the value of C,,.

- Compare this value with that calculated theoretically C,, = C
1

4. Conclusion

C1C2
+C, '
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Charging and Discharging of a Capacitor
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Manipulation 1: Charging a Capacitor Iy /'_:'r
Assemble the circuit shown in Figure 1 with a resistor )

R=100K€ and a capacitor with capacitance C=68uF. Start g 4] e CCVD
timer simultaneously when placing the switch in position 1, .- T
powering the circuit with a continuous voltage source E=5V.

complete the following table:
Figure.1

t(s) 05 10 15 20 25 30 35 40 45 | 50 | 55 | 60

Ve(volt)

- Plot the voltage Vc=f(t).
- Draw the tangent at the load point O and graphically determine the time constant 7., (the abscissa of the
point of intersection of the tangent with the load limit voltage).
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Manipulation 2: Discharge of a capacitor

Assemble the circuit shown in Figure 1 using a resistor R = 100K€ and a capacitor with a capacitance
C = 68uF. Place the switch in position 2.
Complete the following table :

t(s) 0 5 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60

Vevolt)

- Plot the voltage Vc=f(t).
- Tracer la tangente au point de décharge A et déterminer graphiquement la constante du temps 7z,
(I’abscisse du point d’intersection de la tangente avec la tension limite de décharge).

[ [ | [
Ve( ﬁ | E=5V
| | |
z |
i |
| Eieet
| i . ve
i ( V)
EREAEamEmumuasmmanAnES HHH s)
| Y (s)
| 1 ;
TexpTeeses beeees q:s
- Compare this value with that calculated theoretically z,s=RC.
Texp T T et e e e e e ee——eeeeeee—teeeeeae————eeeeeeeiatteeeeaei—tteeeeeaaitteeeeeaaiiaateeeeeaaatteteeeeaaiabaaeeeeeaatrereeeeeanrneaes
Manipulation 3: Association of capacitors in parallel R
Set up the circuit as shown in Figure. 2 for a resistor R=100K€2 L
and two capacitors connected in parallel with capacitances
C1=68uF and C2=47pF. Start the timer simultaneously with the F e C C2GD
application of a continuous voltage source E=5V to the circuit. T
Both capacitors will charge over time.
Figure.2
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complete the following table:

t(s) 05 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 90 | 100|110

[
=
(=}

Ve(volt)

- Plot the voltage Vc=f{(t).
- Draw the tangent at the charging point O and determine graphically the time constant z., (the abscissa
of the intersection point of the tangent with the charging limit voltage).

T T
Ve 1 E=5V
1
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; z-exp:‘l= ........... S

Manipulation 4: Association of capacitors in series

Assemble the circuit shown in Figure 3 using a resistor {

R=100KQ and two capacitors connected in series with C1J_

capacities Ci1=68uF and C»=47pF. Start the timer gl I CV)

simultaneously when powering the circuit with a constant - ¢
_|..

voltage source E=5V. The two capacitors charge over time. C
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complete the following table:

t(s) 05 10 15 20 25 30 35 40 45 | 50 | 55 | 60

Ve(volt)

- Plot the voltage Vc=f(t).
- Draw the tangent at the charging point O and determine graphically the time constant 7., (the abscissa
of the point where the tangent intersects with the charging voltage limit).

>

Ve | | E=5V

(V)

0 | > (s)
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